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Using an online homework system enhances students’ learning of physics
concepts in an introductory physics course

K. Kelvin Cheng,® Beth Ann Thacker, and Richard L. Cardenas®
Department of Physics, Texas Tech University, Lubbock, Texas 79409-1051

Catherine Crouch®
Division of Engineering and Applied Sciences, Harvard University, Cambridge, Massachusetts 02138

(Received 27 June 2002; accepted 14 May 2004

We report the results of a comparison of student understanding of physics concepts with and without
online homework, as measured by the force concept inventory. We compared students in large
introductory courses taught by interactive engagement and noninteractive engagement methods and
with ungraded homework and with online homework. We also compared the understanding of
students in different grade subgroups. The increase in the average force concept inventory
normalized gain was statistically significant for all students taught with online homework, indicating
that graded homework increases student understanding of physics concepts. The gain was
significantly higher for those students taught with interactive engagement methods together with
online homework. The C grade subgroup taught by interactive engagement methods benefited more
from the implementation of online homework than the other subgroups200® American Association

of Physics Teachers.

[DOI: 10.1119/1.1768555

[. INTRODUCTION to students who were taught with and without IE methods,
with assigned, but UHW in 1999 and with an OHW system

The decline in the number of physics graduate students & 2000. Our results based on a two-taitest of unequal
many universities has resulted in a shortage of teaching a¥ariances indicate that the use of graded OHW significantly
sistantg TAs) to grade homework or to help students in large€nhances student understanding of physics concepts com-
multisection introductory physics coursesThis decline is  Pared to students with UHW, especially in classes taught by
the case at Texas Tech UniversifTU), where most of the |E teaching methods. In addition, the C students taught by IE
TAs teach the introductory physics laboratory classes, whicienefited the most in comparison to the other letter grade
are separate from the lecture courses. The solution to the TRUPgroups.
shortage has been either not to grade the homework or to
grade only a very small percentage of selected problems,
depending on the instructor. Weekly in-class quizzes witHl. METHODS AND RESOURCES
problems similar to the assigned, but not graded homework
problems, have been given instead. . )

It often is assumed that doing homework will help stu-A- Student population profile

dents understand physics concepts and that students will NOt e course used in this two-year study at TTU was Phys-

.do homework unless itis gradeq.. Because the number of TAi%s 1308, a multisection calculus-based introductory physics
is not expected to increase significantly in the near future, wel .

sought an alternative to the conventional homework SYStehe of the faculty members maintains uniformity among all
and decided to use an online graded homework system as e sections, including a common final exam. The course

altern_atlve and t(.) evaluate the ghfference_ n stu_dents underéovers kinematics, force, momentum, energy, and waves.
standing of physics concepts with and without its use.

The qoals of our study of the use of online araded homeThe typical class is=~250 students, with sections ranging
g ur study use Iné g from 35-80 students. The course runs for 14 weeks during
work can be summarized as follows:

the academic year and consists of 2.5 h/week of lecture.

(1) Determine if the implementation of online homework There are no recitation sessions, and the laboratory course is
(OHW) in introductory physics classes leads to an im-separate from the lecture course. The course also is taught in
provement, compared to ungraded homewatkW), in ~ the 21 day summer session, with a lecture of 1.83 h/day. A
students’ understanding of physics concepts, as medotal of 16 sections from 1999 and 2000 were involved in
sured by the force concept inventoiyCl).3* this study. Some instructors taught more than one section in

(2) Determine if the use of interactive engageméti) this study. In 1999, the course grade was calculated from the
teaching methods makes a difference in students’ undescores of the exam$80%) and weekly in-class quizzes
standing of physics concepts, compared to the use o20%). In 2000, the OHW counted 10%, in-class quizzes
noninteractive engagemeIE) teaching methods, in 10%, and the exams counted for 80%. The questions in the

the presence or absence of an OHW system. exams were divided into conceptu@0%—30% and prob-
(3) Determine if a particular letter grade subgro(,B, lem solving(70%—80% in all semesters. The cutpﬁ‘ for the
C,D,P benefited more from an OHW system. grades A, B, and C was 85, 74, and 60, respectively.

The majority of the students in the course are engineering
To achieve these goals, the FCI was given as a pre/posttestajors, with some students majoring in the physical sciences
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Table |. Classification of students into four groups based on teaching methwheren, andn, are the sample sizes of the two comparison
ods, |IE and NIE, and the use of UHW and an OHW. The number of instruc-,

roups.
tors and the year taught in each group are also indicated. 9 P

An in-class written version of the FCI was given to the
Group Teaching methods ~ Homework  Instructéyeay students in summer 2000 and fall 2000. Both internal and
external studies demonstrate that there is no appreciable dif-
UHW/NIE UHW NIE 3(1999 ference in the FCl scores based on the type of
(N=136) administratior”. We report results only of the students who
EJNHYVY/LS UHW IE 2 (1999 participated in both the pre- and posttest. The FCI scores
OHWINIE OHW NIE 42000 from the 20%—30% of the ;tudents who dropped the course
(N=86) before the final exam or missed the FCI pre- or posttest are
OHWIIE OHW IE 12000 not reported. A total of 212 students and 207 students par-
(N=121) ticipated in both the pre- and post FCI tests in 1999 and

2000, respectively.

In 2000, we used the online course management tool,
WEBCT. The features ofveBCT that we used most frequently
and in the life sciences. Most students had at least a semestgere the online grade book module for the posting of OHW,
of calculus, a prerequisite of the course, and a high schodh-class quiz and exam scores, the web chat module for in-

physics course. teractive real-time communication with students, and the on-
line quiz/survey module for posting practice quizzes, sur-

B. Teaching pedagogy and selection of NIE and IE veys, and questions. The web chat feature was used almost

groups daily in the summer 2000 section taught using IE. It was

) ) o ) used much less frequently in the other sections taught by

The teaching method was labeled interactive if the instrucgijther methodwescT also was used as a centralized internet
tor attempted to involve the students in thinking about aesource with hyperlinks for the students to access the FClI,
physics concept during the lecture. Usually, this involvemenipHw, and other resources, such as lecture notes, worksheets,
was done by posing a question to the students, allowing thergng keys to quizzes and sample problems.
to discuss it with each other, and then polling thei_r responses |n 2000, we used an OHW system provided by the Uni-
by a show of hand$ A method was labeled NIE if the in- yersity of Texas at Austin. This system allows instructors to
structor used a traditional lecture method with minimal, if sgject questions, numeric or multiple choice, from a data-
any, student participation. _ bank of several thousand physics questions. Most of these

To examine the effects of teaching methods on the stugyestions have multiple parts and the numerical variables in
dents’ learning of physics concepts, the answers of studentge questions are generated randomly to ensure that each
on the pre/post-FCI tests were categorized into four groupstudent obtains a different version of the same question with

as shown in Table |. an unique solution. About 10—15 online questions were as-
signed to the students each week with about 10%—-20% of
C. Internet technology the questions being conceptual in nature. Students had to log

. . . on to the OHW server to download the questions. The system
_Onllne_pre/post-F_CI tests were |_ncorporated in year 1999, ides instant feedback for right or wrong answers, and
with con(atlnugdoul_s'svm 2000; thle online d"".ebé%%%ed course toQy,dents have between five and ten trials to obtain the correct
(WEBCT)” an were implemented in ' nswer. Each time a student obtains a wrong answer, the

During the academic year, all the registered students t00K, 5 imum possible score is decreased. The OHW constituted

_online pre/_post-FCI tests administered by the Harvard Phy_SIO% of their total grade. The year 2000 FCI statistics were
ics Education Research Group. The FCI pretest was adm”b'nly from students who participated in the OHW.
istered during the first week of class. The FCI posttest was '

administered in the middle of the term, after kinematics, dy-
namics, and momentum were covered. The FCI normalize@h. Other resources
gain(g) of each student is the ratio of the absolute gain to the

maximum possible gain multiplied by 100: Voluntary help sessions sponsored by the engineering
school and the physics department were available in 1999

g= SPOLSP@X 100 (1)  and 2000. The instructor for the help session sponsored by
100-Spyre ’ the engineering school was an engineering undergraduate se-

ior who conducted two regul@® h sessions per week for
ach semester in 1999 and 2000. The instructor for the other
) elp session was a physics graduate student who conducted a
<Sr?fe>’ average posttes'&spogsy, and average normallzed one 2 h session per week in Spring 1999; it was discontinued
gain.(g), and theirt statisticS were calculated for different e o the lack of student participation and financial re-
groups. The effect siz&ES), a measure of the magnitude of <o rces. However, the physics department provided central-
the treatment effect between two groups, was calculategeq TA office hours(4—5 h/day during the wegkn 1999

from the difference of the means of the two comparisonyng 2000. No particular tutorial training or structured in-
groups,u;— 2, divided by the pooled standard deviation. stryctions were given to the undergraduate or graduate stu-
Tpooled- THe latter can be calculated from the standard deviadents in this study. Participation in the help sessions was

whereS; and S, are the matched pre- and posttest scored!
normalized to 100 for each student. The average FCI prete

tions of the two comparison groups; ando,, as very poor, with no more than ten students showing up for the
5 5 regula 2 h sessions in 1999, except the sessions before the
S \/(”1_ Do+ (n—1)o; (27  exams. Only a handful of students showed up regularly at the
pooled™ ny+n,—2 ’ centralized TA office. However, there was a significant in-
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Fig. 1. FCI data of TTU students with UHW and OHW. Plots of FCI nor- 0 ° 0
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(op_en circle (A) an_d Wlt'h QHW(open trianglg (B) are shown. '_I'he two o 20 40 60 8 100 o 20 40 6 80 100
horlzonFaI dashed lines |ntj|cate thg cutoff be_tween I_ow-to-medlum normal- Pre.Test Score Pre-Test Score
ized gain at 30% and medium-to-high normalized gain at 7@86ording to
Ref. 7). Plots of FCI absolute gainS[qs— Sy VErsus pretest scores(.) 100 D 100 D
with UHW (open circle (C) and with OHW (open trianglg (D) also are o ] B ]
shown. The upper, middle, and lower dashed slopes indicate the 100%, 70% £ ° o g% - e,
and 30% normalized gain boundaries. The means of students taught b'f g BT e g 4 ____1__;___‘___1‘ _________
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~30-50, as well as those seeking help at the centralized T/ o 20 40 6 8 100 o 20 40 6 8 100
office, in 2000, because homework was graded and consti Pre-Test Score Pre-Test Scare

tted 10% of their total grade. In the Summer 2000 SeCtionltig 2. FCI data of TTU students from different letter grade subgroups with

the.s’e res.ources W.ere nOt available. The . Instructor .Oﬁ_eregHW and OHW. Plots of FCI normalized gain versus pretest score of TTU

online offl_ce hours in addition to regular offlc_e hours, in lieu gyydents from different letter gradés, B, C, and D subgroups with UHW

of centralized TA office hours and help sessions. (open circlé and OHW(open trianglg are shown. See the caption of Fig. 1
for other details.

[ll. RESULTS
A. Comparisons of FCI scores: All data

The distributions of the FCI scores, normalized gajn, ~ 1he average FCI resultsneans:SE) for all students in
versus pretest scoreS,,, for students with and without the UHW group (N=212) were(Spye)=42.4= 1.1, (Sposy
OHW are shown in Figs. (&) and ib). The average normal- =55.8-1.3, and(g)=23.9+1.7, respectively, compared
ized gain,(g), of the OHW group was between 30% and With (Sye)=44.9:1.3, (Spsp=71.8£1.3, and(g)=50.9
70%, which is within the low-to-medium gain regiéron ~ *1.8, respectively, for all students in the OHW groug (
the other hand(g) of the UHW group was<30%, whichis =207). Based on the two-tailed test with unequal
in the low gain regiod. The absolute gain versus the pretestvariances, the difference between the UHW and the graded
score for students with UHW and graded homework ishomework average pretest scores is statistically insignificant;
shown in Figs. (c) and Xd). The distributions of the FCI the probability that the means of the two populations are the
scores for different grade subgroups are shown in Fig. 2. Theame within statistical variatiof®(t<t*)=0.158, is greater
means and standard errdiSE9 of the FCI scores also are than 0.05 corresponding to a 95% confidence threshold level,
shown. The average normalized gain of the grade subgroupgheret* is the calculated value from the two comparing
was in the low gain region except the A grade subgroup irpopulations. The difference between the ungraded and
the UHW group. In contrast,g) for all grade subgroups in graded average posttest scores is statistically significant, with
the OHW group was within the low-to-medium gain range. a vanishing small probability that the means of the two popu-
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Fig. 4. Comparisons of FCI statistics of TTU students taught by NIE meth-

ods with those by IE methods with UHW and OHW. Average FCI pretest

(Panels A and B posttesiPanels C and P and normalized gaifPanels E

and B scores of students with UHWivhite bar$ and students with OHW

. (shaded baysfor those taught by NIE method®anels A, C, and Eand by

Al A B c D IE methods(Panels B, D, and JFare shown. Averages are shown for all
Final Letter Grade students and for groups of students earning letter grades of A, B, C, and D

or lower, as indicated below the horizontal axes. Vertical lines on the top of

Fig. 3. Comparisons of FCI statistics of TTU students with UHW and with the histogram bars represent the standard errorst s significance level

OHW. Average FCI pretestPanel A, posttest(Panel B, and normalized  (solid squarg and 95% significance threshol@=0.05; dotted ling are

gain (Panel @ scores of students with UHWWhite barg and students with ~ shown. The significance level is defined -atog(P(t<t*)).

OHW (shaded bapsare shown. Averages are shown for all students and for

groups of students earning final letter grades of A, B, C, and D or lower

(Ietter grade subgroupgas indicated below the horizontal axes. Vertical medium effect, and greater than 0.8, a |arge effect. The ef-
lines on the top of the histogram bars represent the standard errorstégte

significance levelsolid squarg and 95% significance threshold=0.05; fective sizes for the FCI data of different subgroups are

dotted ling also are shown. The significance level is defined-dsg(P(t shown in Table II.
<t*)) as discussed in the text.

-
a

Significance Level

Normalizedt Gain
=5

n

e

B. Comparisons of FCI scores for letter grade subgroups

The question of whether the observed increase in the FCI
scores, which was found with the OHW students, differed for
lations are the samé(t<t*)=2.9x10 *". The difference  students in different grade subgroups was examined. Table
between the average normalized gains is also statisticallpl gives the means and SE of the FCI, posttest and normal-
significant, withP(t<t*)=6.3x 1024, ized gain for all students as well as for students divided into
To facilitate a comparison of the FCI scores of differentgroups according to their final grades. The pretest scores in
groups, we define the significance level parameter athe UHW and graded homework groups were the same
—log;o(P(t<t*)). The significance level threshold of 0.05 within statistical significance for each subgroup. However,
corresponding to a 95% confidence level is 1.3. The signifithe posttest and normalized gain scores were higher for the
cance level parameter increases with an increasing level 8®HW group for the student population as a whole and for
statistical significance between two population means. Theach grade subgroup, as shown in Fig. 3 and Table Ill. In
difference between two population averages is significanaddition, the percentage of A, B, and C students rose dra-
only if the significance level is greater than the threshold ofmatically when UHW was replaced by online graded home-
1.3. The levels of statistical significance of the differenceswvork and the percentage of D students decreased, while the
between the averages of any two comparable sample popdifficulty of the course exams was kept constant.
lations can be plotted directly as shown in Figs. 3—5. For We determined the significance level parameter for the
example, the significance level parameters between the Fdiifference between the FCI average scores with UHW and
score averages for the UHW and graded homework grougraded homework for each grade subgroup. For all grade
were 0.81(<1.3), 16.5(>1.3), and 23.2>1.3), for the pre-  subgroups, the significance level parameters of the pretest
test, posttest, and normalized gain, respectivete Fig. 3. were all below the threshold value as shown in Fi@).3For
Another common measure of statistical significance is théhe posttest and normalized gain, the significance level pa-
ES (see Eq(2)). A positive ES indicates an improvement in rameters were all above the thresh¢gke Figs. &) and
the first group relative to the second, for example, a positive(c)]. As shown in Table II, the ESs dfg) of all grade
ES indicates higher performance of the OHW group. An ESsubgroups were all greater than 0.8, indicating a very sub-
less than 0.5 indicates a small effect, between 0.5 and 0.8,stantial impact of OHW on the improvement of FCI gain.
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Table II. ESs for comparisons of FCI data. ESs for comparison FCI data okypported the statistics. As shown in Table IlI, the ESs of
groups or subgroups with OHW to those with UHW and also the data of, Spost> and(g) for the IE grade subgroups were all greater
NIE subgroups with that of IE subgroups. ESs greater than 0.8 are indicat :
by asterisks. an 0.8, vv_h_lle those for the NIE subgroups were less than
0.8. In addition, the ES ofS,.s) or (g), 1.68 or 2.33, re-
(@) OHW compared to UHW spectively, for the IE-C subgroup was the highest among the
IE and NIE grade subgroups as shown in Table II.

(Spre) (Spos? ()
All 0.14 0.8¢° 1.05° D. Comparisons of FCI scores in NIE groups with those
A 0.25 1.09 0.97 inlE groups
B 0.05 0.82 1.0
C -0.29 0.51 0.98 The comparison of the FCI scores from students taught
D -0.04 0.79 1.14 with |IE methods to those taught with NIE methods in either
NIE 0.04 0.47 0.59 ungraded or graded groups provided further information that
IE 0.18 123 151 distinguishes the effect of homework from the effect of peda-
NIE—A 0.14 1.00 0.88" gogy. Again, there was no significant difference in the pretest
E:E:g _8'(132 _5"1615 (?Zg scores of students taught by IE and NIE methods in either
NIE—D 0.38 072 0.75 year, as shown in Fl_g_s.(a and %b). For students in Fhe
IE—A 0.27 177 137 UHW group, the significance level parameters comparing IE
IE—B ~0.33 1.16 1.76" students and NIE students for all students and different grade
IE—C ~0.03 1.68 233 level subgroups were all below or near the threshold, indi-
IE—D -0.34 1.14 217 cating no statistically significant difference between the IE
(b) IE compared to NIE and NIE scoregsee Figs. &) and He)]. In contrast, for
UHW 0.06 To013 “0.20 students in the OHW group, the_ S|gn|f|c_ance level parameters
OHW 018 0.62 072 of the posttest and the normalized gain for all students and
UHW—A 0.28 0.59 0.55 the A, B, and C grade subgroups were at or above threshold
UHW—B 0.43 0.10 ~0.20 as shown in Figs. @) and 5f). In particular, the scores of
UHW—C -0.24 -0.31 -0.17 the C subgroup were significantly higher with the OHW sys-
UHW—D 0.44 —0.05 -0.61 tem. The results of ESs also supported th&tatistics. As
OHW—A 0.33 0.78 0.62 shown in Table II, the effect size ¢8,,s) and(g), 0.97 and
OHW—B 0.03 0.63 0.82 1.05, respectively, in the OHW C subgroup was the highest
OHW—C 0.27 0.97 1.08 among the UHW and the OHW grade subgroups.
OHW—D -0.13 0.15 0.38
IE compared to NIE (UHW) IE compared to NIE (OHW)
C. Comparisons of FCI scores for the NIE and IE groups g ® Mud ew o ¥,
8 60 60

We distinguished the effects of the homework system and E “ m ’_ﬂ 1 8 ? “ to 8
pedagogy by comparing FCI scores for those with UHW to £ ,, mm s i £ m m m s &
those with OHW for those students taught only by NIE or olldt-rit-rat-rat-rall, @ JLlmt-tat-tit-tat-tall, @
those taught only by IE methods. Although there was no e Gt AL .

8
w
g
H
»
2

D

Post Test Score
£ g8 8
Post Test Score

o
S

Significance Level
Significance Level

significant difference between the pretest scores of student
in these various groups, the posttest and normalized gait C

with OHW were higher than with UHW for both teaching - o
methods, as shown in Table Ill. However, the significance 10 o 1
level parameters of the posttd$tig. 4(d)] and the normal- m m s - s
ized gain[Fig. 4(f)] comparing UHW to an OHW system -bat-bpt-EREEL, GLLEi-r®d-ted-tid-till,
were much higher for students in the IE group than for stu- AL & B € D M 4 B €D
dents in the NIE grougiFigs. 4c) and 4e)]. As shown in Final Letter Grade Se———

Table II, the ESs of S5 and(g) for IE were both greater P ': E|” 3T s m Fl 2
than 0.8, whereas those for NIE were less than 0.8. Thesi¢ |, "R B K
results agree with the higher significant level parameters ol £ wg oS 10 g
all letter grades for IHFigs. 4d) and 4f)] than those for E s i £ . Mm s i
NIE group[Figs. 4c) and 4e)]. = - L ] T HE HYAY I
Among grade subgroups in the NIE gro[figs. 4c) and An » I A

4(e)], the significance level parameters of the posttest for the Finel Leter Grade Finaletter Grade

A subgroup and th_e normfilized gain of the A and B sub-ig. 5. comparisons of FCI statistics of TTU students taught by UHW with
groups were only slightly higher than the threshold value. Inhose with OHW by NIE and IE methods. Average FCI pretBsinels A and
contrast, for all grade subgroups in the IE grdjigs. 4d)  B), posttestPanels C and P and normalized gaitPanels E and Fscores

and 4f):|, all Significance level parameters of the posttest and)f students taught with N_|E methodwhite barg and students taught with
normalized gain were higher than the threshold. The signifilE methodsshaded bajswith UHW (Panels A, C, and Fand OHW(Panels
, D, and B are shown. Averages are shown for all students and for groups

cance level parameters of posttest and normalized gain f students earning grades of A, B, C, and D or lower. Vertical lines on the

the C subgroup in the IE group were 3_evera| times highefop of the histogram bars represent the standard errorst st signifi-
than those for _the other subgroups Wlthln the IE group an@ance levelsolid squarg and 95% significance threshold=0.05; dotted
all subgroups in the NIE group. Again, the results of ESsiine) are shown. The significance level is defined-aeg(P(t<t*)).
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Table Ill. Summary of FCI pretest, posttest, and normalized gaeans:tSE) scores with UHW and graded homework. The means and SEs of FCI pretest
(first row), posttest{second roy; and normalized gaifthird row) of students with UHW and OHW as a whd&ll), in IE and NIE groups, and in letter grade
subgroups are shown. The population diXg of each group or subgroup is given and the percentage of the total population in each subgroup. The ratings of
the normalized gain scores, that is, low gédr-30, medium gain30—70, and high gair(70—100, based on the recently published extensive FCI survey by
Hake are indicated by-, ++, and+++, respectively: The FCI scores of the Summer 2000 sectidn & subset of the IE and OHW group also are shown.

Teaching
Homework methods All letter grades A subgroup B subgroup C subgroup D subgroup
UHW Al 42.3+1.1 50.6-2.4 455-2.2 42.5-2.0 33.2:2.0
55.8+1.3 71.4-2.3 59.202.4 54.9-2.0 41.9-2.0
23.9+1.7 43.0-3.8 25.5-3.4 20.6-3.0 11.9-2.6
N=212 N=39 (18%) N=61 (29% N=57 (27% N=55 (26%)
+ ++ + + +
NIE 42.1+1.4 49.1-2.9 44.0-2.2 43.9-2.6 30.0:2.7
56.8+1.5 68.6:1.5 58.8-2.9 56.7-2.4 42.3r3.2
25.7+2.0 38.3:5.2 26.5-3.2 22.0-4.0 17.4:3.6
N=136 N=25 (18%) N=49 (36% N=35 (26% N=27 (20%)
+ ++ + + +
IE 43.1+2.0 53.3-4.3 51.4-6.8 40.3-3.3 36.3-2.7
54.0+2.3 76.7-3.3 60.6-7.3 52.0-3.2 41524
20.5+3.2 51.2:4.7 21.1-11.6 18.2-4.4 6.67-3.2
N=76 N=14 (18%) N=12 (16%) N=22 (29%) N=28 (37%)
+ ++ + + +
OHW Al 44.9+1.3 55.2:2.8 46.4-2.0 37.8:2.0 32.7:3.5
71.8+1.3 86.0-1.7 73.0:1.9 63.4:2.2 53.6:3.9
50.9+1.8 67.5-3.5 50.6-2.9 42.0-2.8 32.0:3.5
N=207 N=56 (27%) N=67 (32% N=68 (33% N=16 (7%)
++ ++ ++ ++ ++
NIE 42.9+1.9 51.1-3.9 46.1-3.1 35.5-3.1 34.2:4.6
65.5+2.1 80.4-3.1 67.6-3.0 55.1-3.3 51.8-8.0
40.4+2.0 58.0:6.0 40.1-4.5 30.0:4.2 27.9-8.1
N=86 N=22 (23%) N=28 (33%) N=32(37% N=4 (5%)
++ ++ ++ ++ +
IE 46.4+1.8 57.9-3.8 46.6-2.6 39.9-2.6 32.2:4.6
76.4+1.5 89.6-1.6 76.9-2.2 70.7:2.2 54.2-4.6
58.2+2.1 73.7:4.1 58.2:3.3 52.0:3.0 33.3:3.9
N=121 N=34 (28% N=39 (32%) N=36 (30%) N=12 (10%
++ +++ ++ ++ ++
40.2+3.5 53.4+12.7 43.8+4.% 32.1+4.% 18.3+5.0°
75.5+2.4 91.7+2.1° 85.5+2.3 64.2+3.3 53.3+10.C
59.9+3.4 80.7+1.9° 64.0-4.4 46.6+4.6° 41.9+15.8
N=33 N=6°(18%) N=14° (42%) N=11° (33% N=2° (6%)
%Please see Ref. 7.
E. Two-factor ANOVA analysis of the combined effects dividual treatment and the interaction of the two treatments
of teaching methods and homework on FCI scores on the students’ understanding of physics concepts as given

by the normalized gain scores.

A two-factor ANOVA analysis allows us to investigate the
effects of two independent factors or treatments, teaching, piscussionN
methods (IE versus NIE and homework(OHW versus
UHW) on a dependent variable. Also, the interaction effect Although it is widely assumed that doing homework is an
of the various treatments can be examined directly. We havenportant aspect of learning physics, we know of little litera-
chosen the pretest or normalized gain as the dependent vatisre on the effect of homework on students’ learning of phys-
able and have generated the two-factor ANOVA as shown irics concepts at the university lev8r'® Studies that have
Table IV. For the pretest as the dependent variable,Rhe compared the understanding of students with OHW to stu-
values for the effects of teaching method, homework, andlents with paper-and-pencil graded homework found no sig-
their interaction(the product of the teaching method and nificant differenc& based on exam performantewe have
homework were all greater than 0.06r 95% confidence compared the understanding of students assigned online
interval), indicating the lack of statistical significance of the graded homework with students assigned UHW. Although
pretest scores with the two treatments and their interactiorwe have not addressed the question of whether it is the pro-
On the other hand, with the normalized gain as the dependegss of doing the homewoifproviding students with a mo-
variable, theP values for the two treatments and their inter- tivation to think critically about physics conceptshe feed-
action were significantly less than 0.05, indicating the exisback of graded homework, or some other aspect of
tence of strong and statistically significant effects of the in-homework, we have found that the results indicate that
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Table IV. Two-factor ANOVA analysis of the FCI data. The effects of two teaching metfidids versus |IB and homeworKOHW versus UHW, and their
interaction(the product of the teaching method and homewark a single dependent variable, pretest or normalized gain, was analyzed using a two-factor
ANOVA.? The statistical significance of the individual or interaction effects was determined Wy thkie (<0.05 based on a 95% confidence level.

Dependent variable: Degree of

Pretest Sum of squares freedom Mean square F P value
Teaching Methods 468.159 1 468.159 1.465 0.227
Homework 418.82 1 418.82 1.311 0.253
Teaching Methods and Homework 173.75 1 173.75 0.544 0.461
Error 132589.821 415 319.494

Total 932556.09 419

Dependent variable: Degree of

Normalized gain Sum of squares freedom Mean square F P value
Teaching Methods 3953.967 1 3953.967 6.388 b1.186x10 2
Homework 67805.839 1 67805.839 109.547 b6.585x 1023
Teaching Methods and Homework 13200.156 1 13200.156 21.326 517510 °°©
Error 256870.49 415 618.965

Total 929362.29 419

aSee Ref. 8.

bStatistically significant withP-value <0.05, or greater than 95% confidence.
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